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Abstract 
As far as tools and techniques go, the electron microscope has so uniquely positioned itself among the 
array of investigational methods, that it has become an inescapable fact in the life of a modern 
biological sciences researcher. This technique has not only made specimen examination a lot easier 
but also allowed researchers to look far deeper into the hitherto normally unseen areas of target 
materials riding on the shoulders of high-resolution images.  This study analyzes the research output 
of the Indian authors and organisations in the field of electron microscopy. The article highlights that 
from the total of global 8823 records, India published 185 in the period of 10 years (2011-2020). It 
was found that the year 2014 was the most productive year with 20 publications by Indian authors. 
Interestingly, the Indian Institute of Technology (IIT System) was considered to be the most active 
organization. Similarly, a number of publications were funded by the Department of Science and 
Technology, Government of India. The Journal of Applied Physics was the most suitable destination 
for Indian authors to publish their work in the said area. This study concludes that though Indian 
authors have contributed significantly to this field, the stark fact also remains that there exists a gap in 
the stabilisation of the publications on a yearly basis. Moreover, there is also a lack of review papers 
in this area that would need to be worked upon in the years ahead. 
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Introduction 
Scientific imaging received the much required boost with the advent of electron microscopy.This was 
a technique that to a large extent removed the troubles of the researchers. Earlier, due to poor 
imaging, examining the specimens fell far short of providing the clarity required by a biological 
sciences researcher. Accesing the minute details of deeply hidden nooks and corners of even a 
structurally complex material was now easy to come by. No wonder that Electron Microscopy is now 
employed in the diagnosis and biopsies of the liver, kidney, muscle, nerves, and stomach, as well as 
hygiene and virology, and most notably in molecular biology
1
. 
The incremental invention of electron microscopy, which began in the 1930s, allowed researchers to 
study the smallest details of cells
2
. In the realm of biomaterials research, EM imaging of specimens is 
essential
3
. The method of electron microscopy is one of the ways that may be used to image the 
surface of a specimen
4
, It employs a focused electron beam that creates a variety of signals when it 
interacts with the material, including inelastically or elastically scattered electrons, Auger electrons, 
X-rays, and CathodoLuminescence radiation
5
. 
A technique for producing high-resolution pictures of biological and non-biological material is 
electron microscopy (EM). It is utilised in biomedical research to look at the structure of tissues, cells, 
organelles, and macromolecular complexes in greater detail
6
. When the wavelength became the 
limiting element in light microscopes, the electron microscope was created. The wavelengths of 
electrons are significantly shorter, allowing for higher resolution
7
.  
Figure1: Schematic image of SEM
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The transmission electron microscope (TEM) and the scanning electron microscope (SEM) are the 
two major types of electron microscopes (Figure 1). The transmission electron microscope is used to 
examine thin specimens (tissue sections, molecules, and so on) that allow electrons to flow through 
and provide a projected image. Whereas Traditional scanning electron microscopy relies on secondary 
electron emission from a specimen's surface. A scanning electron microscope is the EM equivalent of 
a stereo light microscope because of its large depth of focus. It allows for detailed pictures of cell 
surfaces and entire organisms that are not feasible with TEM. Scanning electron microscopy has seen 
a rebirth in the biological sciences during the last decade, thanks in part to recent advancements in 
EM technology
8 
Scientometrics is a field that studies the organisation and progress of knowledge by analysing 
scientific publications. The approaches used to examine different quantitative or qualitative elements 
of a publication using bibliometric/scientometric/informetric methodologies
9
. This paper aims to 
analyze the publication trend followed by Indian researchers including the preference of journal, 
research areas in which they have published, and the major institutions and funding sources including 
those organisations who are most actively engaged in India. 
Methodology 
This analysis is based on Indian biomedical publication data obtained from Clarivate Analytics' Web 
of Science (WoS) science citation database during the 10 years (2011-2020). This search yielded 
8,823 results in total and after restricting our search on India only from the countries section we 
curated 85 publications. TITLE: (Electron microscopy)Refined by: COUNTRIES/REGIONS: 
(INDIA)Timespan: 2011-2020. Indexes: SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH, CCR-
EXPANDED, IC.The number of citations a work receives is taken into account. The number of 
articles, average citation per highly cited paper, most active organizations and funding agencies was 




Figure 2 depicts the involvement of Indian researchers in the field of Electron Microscopy. The year 
2014 seems to be the most productive year with 29 (15.68%) publications for Indian researchers 
followed by the year 2015 (22 records), 2017 (21 records), 2020 (20 records), and 2011 (19 records). 
The pattern followed by Indian researchers is quite unsteady and has seen many peaks and troughs in 
its graphical journey.  
Figure 2: India’s Electron Microscopy publications output from 2011-2020 
 
Type of publication followed by researchers 
As seen in figure 3, the choice for the majority of the authors was a research article with the highest 
157 (84.87%) records followed by proceeding papers (13 records) and Reviews (4 records.). Out of 
185 records from India, only 4 records were found as a review paper which highlights the need for 
review papers in the field of the study whereas proceedings papers are in a good state as compared to 
review and other types of publications. 
 





















Most preferred area of research 
Table 1 shows the widely chosen area of research by the Indian researchers and as the field of electron 
microscopy is ever demanding, areas like material sciences, physics, and chemistry are at the forefront 
in using this technology. This established that not only in the field of biology or biomedical sciences, 
electron microscopy is widely used in these respective disciplines. It is not too far to seek that in the 
decades to come, this area will see increasing adoption by many other research areas as well. 
Table 1: Research area-wise distributions of publications 
Research Area Records % of 285 
Materials Science 57 30.81 
Physics 40 21.62 
Chemistry 33 17.84 
Science Technology Other Topics 19 10.27 
Microscopy 15 8.11 
Metallurgy Metallurgical Engineering 13 7.03 
Biochemistry Molecular Biology 11 5.95 
Engineering 9 4.87 
Agriculture 8 4.32 
Computer Science 7 3.78 
Plant Sciences 6 3.24 
Biotechnology Applied Microbiology 5 2.7 
Cell Biology 5 2.7 
Environmental Sciences Ecology 5 2.7 
Ophthalmology 5 2.7 
Pharmacology Pharmacy 5 2.7 
 
Source for publication 
Finding the right journal for publication is also an esteemed task for any researcher. Table 2 shows the 
journal preference of Indian authors and according to the analysis, we estimated that the Journal of 
Applied Physics has topped the list by 6 (3.24%) records followed by AIP Advances (4 records) and 
Microscopy and microanalysis (4 records). 
Table 2: Top 25 Source wise (Journal wise) top 50 distribution of the publication 
Source title Records % of 285 
Journal Of Applied Physics 6 3.24 
AIPAdvances 4 2.16 
Microscopy And Microanalysis 4 2.16 
Applied Physics Letters 3 1.62 
Micron 3 1.62 
Spectrochimica Acta Part A: Molecular And 
Biomolecular Spectroscopy 3 1.62 
Thin Solid Films 3 1.62 
Advanced Materials Processes 2 1.08 
Applied Surface Science 2 1.08 
Ceramics International 2 1.08 
Chemical Physics Letters 2 1.08 
Current Science 2 1.08 
Diamond And Related Materials 2 1.08 
Indian Journal Of Agricultural Sciences 2 1.08 
Indian Journal Of Ophthalmology 2 1.08 
Indian Journal Of Pathology And Microbiology 2 1.08 
Journal Of Chemical Information And Modeling 2 1.08 
Journal Of Experimental Nanoscience 2 1.08 
Journal Of Microscopy 2 1.08 
Journal Of Power Sources 2 1.08 
Journal Of The AmericanChemical Society 2 1.08 
Materials Characterization 2 1.08 
Materials Letters 2 1.08 
Metallurgical And Materials Transactions A Physical 
Metallurgy And Materials Science 2 1.08 
National Academy Science Letters India 2 1.08 
 
Funding Solitaires 
Funding is the life blood of any research and when received from renowned agencies, the onus of 
achieving quality research lies squarely on the researcher with consequences of its being reported in 
esteemed publications. Figure 5 shows the involvement of funding agencies in the field, in which 
Department of Science & Technology, India is a flag bearer with 22 records followed by none other 








Figure 4: Top 10 Funding agencies 
 
Keywords 
Indian researchers utilise 66 recommended keywords associated with Electron Microscopy articles. 
The most common keywords were scanning electron microscopy, electron microscopy, and 
morphology. The network of keywords linked to electron microscopy is depicted in Figure 5. These 
keywords have been grouped into 7 clusters. Clusters 1 having the 17 items, cluster 2 have 10 items, 
Cluster 3 & 4 having 9 items each, Cluster7 having 8 items, Cluster 6 have 7 items , and cluster 7  
have 16 items. 
Figure5: Keyword network of Electron Microscopy publications 
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Most dynamic institutions 
Figure 6 highlights the top active institutions that are vigorously researching the field of electron 
microscopy. Indian Institute of Technology (IIT system) with 22 records is the most active 
organization in all. It is followed by the Council Of Scientific And Industrial Research (CSIR INDIA) 
with 13 records, Indian Institute of Science (IISC) Bangalore (10 records), Indira Gandhi Centre For 














Figure 6: Top Active organizations 
 
Highly cited in the field (globally) 
Table 3 illustrates the highly cited papers across the globe. We do not find any highly cited papers 
from Indian researchers. The paper entitled "Structure of the TRPV1 ion channel determined by 
electron cryo-microscopy” by Liao, M et al published in Nature in2013 with 957 citations, is the 
highly cited paper in the field of Electron Microscopy.  
Table3:Top 10 Highly cited papers across the globe 
Rank Citation Title Author Source Year 
1  
957 
Structure of the TRPV1 ion 
channel determined by electron 
cryo-microscopy 




Characterization of gas shale 
pore systems by porosimetry, 
pycnometry, surface area, and 
field emission scanning electron 
microscopy/transmission 
electron microscopy image 
analyses: Examples from the 
Barnett, Woodford, Haynesville, 
Marcellus, and Doig units 
Chalmers, G et 
al. 















INDIAN INSTITUTE OF TECHNOLOGY …
COUNCIL OF SCIENTIFIC AND INDUSTRIAL …
INDIAN INSTITUTE OF SCIENCE IISC …
INDIRA GANDHI CENTRE FOR ATOMIC …
DEPARTMENT OF SCIENCE TECHNOLOGY …
HOMI BHABHA NATIONAL INSTITUTE
INDIAN INSTITUTE OF TECHNOLOGY IIT …
JADAVPUR UNIVERSITY
UNIVERSITY OF HYDERABAD
ALL INDIA INSTITUTE OF MEDICAL …
BIRLA INSTITUTE OF TECHNOLOGY MESRA
CSIR CENTRAL GLASS CERAMIC RESEARCH …
HELMHOLTZ ASSOCIATION




Electron microscopy of 
specimens in liquid 




A Genetically Encoded Tag for 
Correlated Light and Electron 
Microscopy of Intact Cells, 
Tissues, and Organisms 
Shu, X et al. 
Plos Biology 2011 
5  
480 
Mature HIV-1 capsid structure 
by cryo-electron microscopy and 
all-atom molecular dynamics 




Atomic structure of sensitive 
battery materials and Interfaces 
revealed by cryo-electron 
microscopy 




Particle size distribution of 
exosomes and microvesicles 
determined by transmission 
electron microscopy, flow 
cytometry, nanoparticle tracking 
analysis, and resistive pulse 
sensing 







Directed evolution of APEX2 for 
electron microscopy and 
proximity labeling 
Lam, SS et al. 
Nature Methods 2015 
9  
413 
Studying the Kinetics of 
Crystalline Silicon Nanoparticle 









Characterisation of exosomes 
derived from human cells by 
nanoparticle tracking analysis 
and scanning electron 
microscopy 







Electron Microscopy is the ever booming field or technique used by the majority of researchers across 
the disciplines. As far as the Indian contribution is concerned, we have found them involved from 
2011 to 2020, though the pattern is not steady and it should follow the slope pattern to shine in this 
field. Even though Indian researchers are performing reasonably well, we do not have enough review 
papers in this field. This calls for scholarly attention to be focused in this area and given the paucity of 
reflective review articles, it could well be a prolific area to be looked closer in times ahead.  
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